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ABSTRACT
The present status of the ESO key-programme \A Homogeneous Bright QSO Sur-
vey" is described together with the rst results concerning the QSO counts and the
optical luminosity function. The related analysis of the evolution of the radio and
X-ray selected QSOs is presented.
1. The Homogeneous Bright Quasar Survey
At the time of the publication of the AAT survey1 QSO counts were well estab-
lished beyond magnitude B=18, while at brighter magnitudes not only statistics was
poor but the fundamental information came from only one sample, derived from the
PG survey2, whose photometric accuracy was paradoxically poorer with respect to
the best surveys at fainter magnitudes and whose reliability has been questioned since
its publication3.
This situation prompted us to propose to ESO the key programme (KP) \A
Homogeneous Bright QSO Survey" (HBQS), which started in 19894, with the aim of
providing a statistically well dened QSO sample at bright apparent magnitudes, with
an absolute accuracy of at least 0.1 magnitudes, sensibly matching those attained by
the best surveys at fainter magnitudes.
According to the original plan, an area of the order 1000 sq. deg. around the
south galactic pole (SGP) was to be surveyed between the magnitude limits 16 and
18.25, searching primarily for UVx quasars (z < 2:2).
The flow chart of the KP was the following: plate acquisition, with two Schmidt
plates for each bandpass UBVRI (or UJVRI) obtained at ESO or at UKSTU, possibly
within a few months interval, in order to minimize the variability eects; archiving;
scanning, done with the COSMOS machine at ROE; \pairing" of the data, i.e. pro-
ducing one big MIDAS table with all the instrumental magnitudes of all the plates in a
given eld; photometric calibration, with the help of a constantly updated photomet-
ric input catalog containing the information about photometric standards published
in the literature and/or observed by us in the framework of the KP; candidate selec-
tion, whose reliability is checked with the help of a constantly updated spectroscopic
input catalog containing the spectroscopic classication of objects in the KP elds
published in the literature and/or observed by us.
A number of renements with respect to \standard" techniques had to be adopted
in order to achieve the goal of an absolute photometric accuracy of at least 0.1 mag-
nitudes: from photometric calibrations taking into account the biases deriving from
the errors existing both in the instrumental magnitudes and the calibrating measure-
ments, to a procedure of uniformization (developed by Lance Miller at ROE) of the
usually spatially variable response of the photographic plates.
At present the photographic material has been obtained for 33 elds of about 25
sq. deg. each. For 23 elds the plates have been scanned and calibrated. 21 elds
(about 525 sq.deg.) have been completed up to the spectroscopic follow-up. The
completeness limit varies from B=17.0 to B=18.85. The complete sample extracted
from the data includes about 300 QSOs.
2. Quasar Counts and Luminosity Function
The new situation of QSO counts is shown in Fig. 1.
Fig. 1. QSO counts as a function of the B magnitude
As already noticed by Goldschmidt et al.5, for magnitudes brighter than 16.4 the
QSO surface density is a factor 2.7 higher than what reported in the PG survey.
Adding the data from the HBQS and ROE5 surveys the discrepancy is altogether
signicant at the 2.8  level. Actually the situation is even more complicated since,
by direct comparison of overlapping areas5, it may be deduced that the incompleteness
of the PG survey is even larger and partially masked by a systematic oset in the
zero point of the magnitude calibration of about two tenths of a magnitude in the
sense that the PG magnitudes are fainter than the true ones, as already suspected
by Wampler and Ponz3. Due to this higher surface density, the HBQS is able to
provide, with the originally planned area, statistically signicant numbers of QSOs
up to B=15.
Assuming a parameterization of the luminosity function (LF) in terms of a double
power-law1, on average an acceptable result is obtained by a simple pure luminos-
ity evolution model, in which the optical luminosity function (OLF) is assumed to
translate towards brighter magnitudes with redshift, according to a law of the type
(1 + z)k. The higher surface density seen in the counts at brighter magnitudes is due
essentially to low-redshift QSOs, and is reflected in a flatter slope with respect to
previous parameterizations6 of the bright part of the OLF at low redshifts. The slope
 is now -3.7 in place of -3.9, while the slope at fainter magnitudes, the magnitude
of the break and the evolution rate are almost unchanged (the evolutionary rate k is
now 3.3 in place of 3.4; qo = 0:5). From our data no evidence emerges of a redshift
after which the LF evolution stops. The slope -3.7 is an average value but, from the
comparison between the observed and expected number of quasars at bright magni-
tudes in various redshift intervals, a clear steepening of the bright part of the OLF
with redshift is indicated.
Our analysis has been carried out performing a \stochastic optimization", that is a
montecarlo simulation of the observed data as derived from the hypothesized LF. The
code takes into account the eects due to the selection criteria, to photometric errors
and to the fact that the QSO population is not characterized by a unique spectral
index but by a distribution around a mean with a given dispersion and therefore by
a distribution of intrinsic colors. Further analysis of the eects of the spread in the
spectral energy distributions and other forms of evolution are under way.
3. The Optical Luminosity Function of X-ray QSOs
On the basis of this newly calculated LF we can try to address the issue of the
optical LF of X-ray QSOs. From the analysis of the EMSS sample Della Ceca et al.7
derived an evolutionary coecient Kx = 2:56  :17, while Boyle et al.8, combining
this sample with ROSAT data on deep elds, derive a higher value Kx = 2:80:1. It
is remarkable how, adding a relatively small sample - as the ROSAT data compared
to the EMSS - signicantly changes the evolutionary rate. A usual way to explain
the dierence between optical and X-ray QSOs is to assume a non linear relation
between optical and X-ray luminosity of the type Lx / Leo with e < 1. Values for e
in the range of 0.7-0.8 have been reported in the literature. However, if one tries to
reconstruct the OLF from the X-ray data in this framework, inconsistent results are
obtained8. Following what already noted by Maccacaro et al.9 we have imposed to
the EMSS a brighter completeness limit of
Slim(0:3− 3:5 keV ) = 2:6 10
−13 erg=cm2=s:
In this way the analysis of the subsample provides surprising results: the model of
Della Ceca et al.7 yields an average value < V=Vmax >= 0:5310:016, about 2 larger
than what expected. To obtain a value of 0.5 with the above mentioned completeness
limit and a spectral index X = 1:2 for the soft part of the spectrum around 1 KeV,
the evolutionary coecient has to be increased kX up to 3.5. With this rate X-ray
counts and redshift distributions are properly described and the reconstruction of the
optical LF from the X-ray data is now consistent with the observed one.
This result implies a linear relationship between optical and X-ray luminosities,
which however does not appear implausible considering that the recent ROSAT deep
elds basically detect the same quasars as in the optical. A reanalysis of the optical
luminosities of X-ray selected QSOs11 shows that a linear t corresponding to a Lx /
Lo is a good representation of the data, at least down to MB ’ −22, where the
contribution of the host galaxy to the optical luminosity becomes important.
In Fig.2a the same relationship is shown for optically selected quasars from an
analysis of Wilkes et al.10. At variance with the results of Wilkes et al., once the
presence of errors in both axes at the same time with upper limits is taken into
account, a linear relationship with slope 1 is obtained12. Fig. 2b shows the same plot
as it could be obtained by looking for X-ray fluxes of the ROE5 and HBQS QSOs
in the ROSAT All Sky Survey. The key point in order to address the nature of the
Lx−Lo relationship and its intrinsic dispersion is a detailed knowledge and treatment
of the measurement errors, which can be greatly improved with the new generation
of bright QSO surveys.
Fig. 2. Correlation between X-ray (2 keV) and optical luminosity (2500 A) for optically selected
samples. The lled circles indicate detections, the open circles upper limits. (a) The sample of
Wilkes et al.10: the continuous line is our best t, the dotted lines are the two extreme slopes in the
case in which errors are assumed in turn only on the x or on the y axis; the dashed line is the best
t obtained by Wilkes et al.10. (b) Simulation of ROSAT observations (see text).
4. The Optical Luminosity Function of Radio-Loud QSOs
In the last years a number of results have been produced showing that the dis-
tribution of radio fluxes of optically selected QSOs is bimodal, distinguishing two
populations: the radio-loud (RL; ro  0:19) and the radio-quiet (RQ) QSOs, with
evidences that the fraction of RL QSOs may be increasing with optical luminosity
and decreasing with redshift. It becomes important then to measure the form and
the evolution of the OLF of the RL QSOs in order to better understand the reason
of the existence of these two classes so similar in the optical band.
We have carried out deep observations with the VLA of a suitable sample of
QSOs13, aiming at a coverage - together with the other samples available in the
literature - as uniform as possible of at least part of the luminosity-redshift plane.
In this way it has been possible to show that there is a 0.998 probability that the
RL fraction is not constant with z, while the probability that it is a function of the
absolute magnitude is 0.9999 at z < 1, and 0.993 a 1 < z < 2:5.
The change of the fraction of RL QSOs as a function of the luminosity and the
redshift is the result of two dierent OLF in form and evolution of the RL and RQ
QSOs. To quantify this last issue we have applied a max likelyhood technique to nd
the OLF of the RL QSOs that best reproduces the RL-RQ ratio over the luminosity-
redshift plane once the total OLF is assumed.
Fig. 3. The OLF of radio-loud QSOs (continuous line) and the parent total OLF (dotted line).
The advantage of such a method is that the total OLF is known relatively well and
that, although the degree of incompleteness varies from survey to survey, the RL-RQ
ratio does hopefully not depend on it. Several dierent forms of the total OLF have
been used to check the reliability of the procedure. All the models show a general
trend: the bright steep slope of the RL OLF is well determined and has roughly the
same value of the total OLF. There is evidence for a break at faint magnitudes, but
the slope of the faint part is poorly determined, being again consistent with that of
the total OLF. The break magnitude, however seems to be systematically brighter of
1.5-2 mags and the evolutionary coecient is lower 2:7 < kOR < 3:1 than for the total
OLF. It is interesting to note that the slower evolution of the OLF of the RL QSOs
could account for the steepening of the bright part of the OLF with redshift described
before. The bright low-z RL QSOs would give the contribution to the total OLF that
causes the flattening of the bright part of the LF. Statistics is however still rather
poor and more radio observations of optically selected samples are needed, also to
test some of the above assumptions, especially at bright magnitudes, as these results
are still heavily dependent on the PG sample.
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